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Exercises

• Exercise #1: predicting the number of counts / count rate

• Exercise #2: coping with the elevated count rates

• Exercise #3: selecting a detector with an appropriate efficiency

• Exercise #4: exploring nuclide contribution to a gamma-spectrum 

• Exercise #5: studying the detectability of a nuclide 
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Exercise #1: predicting the number of counts / count rate

1.  The measurement setup is similar to the default configuration “NaI, L 
 

D = 1 
in 

 
2 in (default)”. You are going to calibrate it using the 1 MBq 60Co and 1 

MBq 137Cs reference gamma sources. Approximately, how many statistical 
counts can you expect within 100 s in the corresponding gamma-spectra? 
Make the evaluations with and without backscattered photon contribution.
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Exercise #1: predicting the number of counts / count rate

Select Co-60
Specify the nuclide’s activity

Select a spectrometer configuration 

Specify the measurement time

Click on “Start”
to run a simulation

Here is the answer
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Exercise #1: predicting the number of counts / count rate

Go to the “Options” tab and enable the modeling 
of the backscatter photon contribution

Here is the answer

Make a note of additional counts due to the backscattered 
photons forming a so-called “backscatter peak”
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Exercise #1: predicting the number of counts / count rate

To simulate a typical spectrum for 137Cs, it is 
important: 

• to enable the decay calculations, and

• to specify the duration of the pre-measurement 
(“cooling”) time interval to allow the 
accumulation of the daughter isomer 137mBa

Click on “Start”
to run the simulation

Make sure that 137Cs is selected
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Exercise #1: predicting the number of counts / count rate

Here is the answer (with the backscatter peak)Here is the answer (without the backscatter peak)
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Exercise #1: predicting the number of counts / count rate

Answers: 

60Co: 
• without backscatter photons 1.66105 counts
• with backscatter photons 1.91105 counts 

137Cs:
• without backscatter photons 1.06105 counts
• with backscatter photons 1.18105 counts
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Exercise #2: coping with elevated count rate

2.  You have to measure the 10 MBq 152Eu source with NaI (3"3") scintillation 
detector in the measurement setup similar to the default configuration “NaI, 
L 

 
D = 3 in 

 
3 in (default)”. In your disposal there are three lead filters – 1 

mm, 3 mm and 5 mm thick. 

Questions:

• Find right combinations of the filters, which would make the measurement 
possible, assuming that your electronics can cope only with input count 
rates below 20 kcps (kilo counts per second). 

• Check if the same electronics and filters will allow you to perform the 
measurement in the configuration “HPGe, coaxial, p-type, rel. eff. 150% 
(default)”.
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Exercise #2: coping with elevated count rate

Set up the nuclide and measurement geometry 
settings as requested by the exercise

Add / Remove filters using “Add filter layer” and 
“Remove filter layer” buttons
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Exercise #2: coping with elevated count rate

Here is the value to be compared with the 
count rate limit of 20 kcps

Do similar calculations: 

• for all filter combinations to see 
which combinations are appropriate,

• for the default 150% HPGe 
spectrometer configuration to see if 
the electronics is suitable. 
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Exercise #2: coping with the elevated count rates

Answers:

Valid filter combinations: 

• 8 mm = 3 mm + 5 mm (18.8 kcps), 

• 9 mm = 1 mm + 3 mm + 5 mm (17.2 kcps). 

The electronics is not suitable for the configuration with 150% HPGe detector 
since even for the thickest filter combination the predicted input count rate is 
22.6 kcps.



ITRAC 3: Training Course on Illicit Trafficking and Radiological Consequences with Nucleonica, 11 - 13 May 2011, Karlsruhe 13

Exercise #3: selecting an appropriate detector

3.  You have an HPGe detector with crystal length – 30 mm, crystal diameter 
– 50 mm, rear contact length – 20 mm, rear contact diameter – 10 mm, 
inactive Ge – 1.5 mm, cap thickness – 1 mm Al, and crystal to cap 
distance – 5 mm.

Questions:

• What is the relative efficiency of your detector?

• What crystal length would double the relative efficiency?
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Exercise #3: selecting an appropriate detector

Answer #1:  
Relative efficiency = 10.5%



ITRAC 3: Training Course on Illicit Trafficking and Radiological Consequences with Nucleonica, 11 - 13 May 2011, Karlsruhe 15

Exercise #3: selecting an appropriate detector

Relative efficiency = 21.0%Answer #2:  
crystal length L = 46.5 mm
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Exercise #4: exploring nuclide contributions

4.   The 1 g natural uranium sample (234U – 0.000055 g, 235U – 0.0072 g, 234U – 
0.992745 g) was measured twice using the same NaI (3"3") scintillation 
spectrometer (configuration “NaI, L 

 
D = 3 in 

 
3 in (default)”). The first and 

second measurements were performed for 100000 s, 10 days and 1 year after 
the uranium separation, respectively. 

Question:

• What are the relative contributions of 235U and 238U to the gamma-spectrum 
measured in both measurements? 

Suggestion:

• When modeling gamma-spectra, use the 1 mm Pb filter to imitate the self- 
attenuation of gamma-rays by the uranium sample. 
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Exercise #4: exploring nuclide contributions

Click on “Nuclide Mixtures Selector” Select a pre-defined mixture “NatU 1 g“
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Exercise #4: exploring nuclide contributions

Enable decay transformations on the “Options” tab

Add a 1 mm Pb filter to imitate the self-attenuation 
of gamma-rays by the sample

Specify the time 
elapsed since the

uranium separation 

Press “Start”
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Exercise #4: exploring nuclide contributions

Answers: after 10 days 235U - 76% and 238U - 24%; after 1 year 235U - 46% and 238U - 54%.
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Exercise #5: studying the detectability of a nuclide

5.    Based on the gamma-spectrometric examination of a source, the presence of 
60Co with activity of 100 kBq was revealed. 

Question:

• Which of the default GSG measurement configurations are suitable for 
detecting an additional presence of 50 Bq of 241Am in the same source by 
performing a 1000 s long measurement?
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Exercise #5: studying the detectability of a nuclide 

Go to “Nuclide Mixtures” and create a new mixture 
consisting of 10 kBq 60Co and some amount of 241Am

In the GSG select the mixture

Select a default 
configuration to be tested
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Exercise #5: studying the detectability of a nuclide 

Click “Text” to download 
calculation results

Select “Open with Editor”
and press OK
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Exercise #5: studying the detectability of a nuclide 

Scroll down the text to display 
the “X-rays and Gamma-rays” table

Find an 241Am gamma-line with the 
lowest MDA value
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Exercise #5: studying the detectability of a nuclide 

Select next default configuration for testing and click on “Start”

Again click “Text” to 
download results
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Exercise #5: studying the detectability of a nuclide 

Select “Open with Editor”
and press OK

Again find an 241Am gamma-line 
with the lowest MDA value
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Exercise #5: studying the detectability of a nuclide 

Answer:

• The configurations with LEGe and BEGe detectors are suitable for detecting 
an additional presence of 50 Bq of 241Am in the 60Co source. The respective 
MDAs are 12,2 Bq and 18,6 Bq.
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Thanks !
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